The asymmetry in the forward region production cross section of D ± is calculated using the heavy-quark recombination mechanism for pp collisions at 7 TeV. By suitable choices of four nonperturbative parameters, our calculated results can reproduce those obtained at LHCb. We find A p ∼ −1% when integrated over 2.0 GeV < p T < 18 GeV and 2.2 < η < 4.75, which agrees with A p = −0.96 ± 0.26 ± 0.18% as measured by LHCb. Furthermore, the calculated distributions in η and p T agree reasonably well with those obtained at LHCb.
Observation and proper interpretation of CP-violation in charm system could provide an outstanding opportunity for indirect searches for physics beyond the standard model. Even already available bounds on CP-violating interactions provide rather stringent constraints on the models of new physics because of availability of large statistical samples of charm data from LHCb, Belle, and BaBar experiments. Larger samples will be available soon from both pp and e + e − machines [1] .
One of the simplest signals for CP-violation in charm is obtained by comparing partial decay widths of charm mesons to those of anti-charm mesons. While CPT-symmetry requires the total widths of D and D to be the same, the partial decay widths Γ(D → f ) and Γ(D → f ) are different in the presence of CP-violation, which is signaled by a non-zero value of the asymmetry
This signal is reasonably robust for D + /D − mesons, provided that the number of decaying particles and anti-particles is the same. However, at the Large Hadron Collider (LHC), the number of produced D + and D − mesons might not be the same due to the fact that the initial state contains two protons. With CP-violating asymmetries expected to be at the per mille levels [2] , it is important to examine production asymmetry of D-mesons both experimentally and theoretically.
Indeed, fixed-target experiments have already observed large asymmetries of charmed mesons and baryons in the forward region. In hadroproduction, the charmed hadrons are preferentially produced with a light valence quark of the same type as what appears in the hadronic beam, for example [3] . This has been termed the leading particle effect. More recently, a similar asymmetry in D ± production, defined as
has been measured in the forward region to be ∼ −1% by the LHCb collaboration [4] . What are the theoretical expectations for this asymmetry?
Factorization theorems of perturbative QCD [5] state that heavy hadron production cross section can be written in a factorized form. At the LHC, the cross section for producing a D (cq) meson in a pp collision, at leading order in a 1/p T expansion, is given by
where f i/p is the partion distribution function for parton i in the proton, dσ(ij → cc + X) is the partonic cross section and D c→D is the fragmentation function describing hadronization of a c quark into a D meson. The corresponding equation forD is obtained by replacing D c→D by Dc →D . Charge conjugation C is expected to be a good symmetry in QCD, so
Thus, perturbative QCD predicts that A p = 0, which is at least true at leading order in 1/p T expansion.
This conclusion led theorists to examine other mechanisms for generating production asymmetry of Eq. (2), including attempts to describe the effect phenomenologically. The main idea of those approaches is to identify phenomenological mechanisms that can lead to enhanced production asymmetries, such as "meson cloud" effects. The results of these modeldependent calculations can be found in Refs. [6, 7] . We note that it might be challenging to interpret some of those mechanisms in QCD.
To reconcile the experimental observations with QCD, we note that there are corrections to Eq. we shall generically call D. The recombination process, shown in Fig. 1 (a) , comes in as a power-suppressed correction to Eq. (3). As mentioned, the light quark in the production of D comes from the incident proton. The contribution to the cross section is given by
where (cq) n indicates that the light quark of flavor q with momentum Λ QCD in thec rest frame is produced in the states n, where n labels the color and angular momentum quantum numbers of the quark pair. The cross section is factored into a perturbatively calculable piece dσ[qg → (cq) n + c] and the nonperturbative factor ρ[(cq) n →D] encoding the probability for the quark pair with quantum number n to hadronize into the final state including the D. The perturbative piece was calculated to lowest order in [8] . Equation (4) must then be convoluted with the proton parton distribution functions to get the final hadronic cross section.
Besides the qg → (cq) n + c process, there are also contributions from qc → (cq) n + g, as shown in Fig. 1 (b) . Using the method introduced in [8] , the partonic cross sections from initial state charm are calculated to be
where we have defined S =ŝ − m where H can be any hadron. The recombination cross section for producing a D is obtained by taking the charge conjugate of the above equations. Below, we will neglect C-violation
For simplicity, in process c) we will restrict H to be D only and sum overq =ū,d ands with SU (3) flavor symmetry assumed.
As discussed in [10] , the nonperturbative parameters ρ[(cq) n →D] with the same flavor and angular momentum quantum numbers as theD scale as Λ QCD /m c . However, the amplitudes for (cq) n production with L > 0 are suppressed relative to the S-wave states. On the other hand, 3 S 1 → D transition is achieved via emission of magnetic-type gluons, which, contrary to the heavy quarkonia case, is not suppressed for D-mesons. Thus, the leading contributions to productions of D ± mesons by heavy-quark recombination consists of four possible options of n:
These nonperturbative parameters must be extracted from data. Neglecting ρ 
c ∼ (m q /m c ) 2 is chosen to be 0.06. N H are determined by the averages of the measured fragmentation probabilities listed in [13] . For the perturbative QCD rate, Eq. (3), which has no asymmetry if we ignore C violation but enters into the denominator of Eq. (2), we use the LO cross section and include feed down from D * . The factorization scale is set to be µ f = p 2 T + m 2 c . When integrated over 2 GeV < p T < 18 GeV and 2.2 < η < 4.75, excluding the region with 2 GeV < p T < 3.2 GeV, 2.2 < η < 2.8, the asymmetry A p for D ± is found to be −0.88% < A p < −1.04% with 0.055 < ρ In summary, we have calculated the D ± asymmetry using the heavy-quark recombination mechanism for production at the LHCb experiment. The measured asymmetry of A p = −0.96 ± 0.26 ± 0.18% in the kinematic range 2.0 GeV < p T < 18 GeV and 2.2 < η < 4.75 [4] can be reproduced using reasonably sized non-perturbative parameters ρ sm,sf 1, 8 . Further, the p T and η distributions are simultaneously reproduced by the heavy-quark recombination mechanism. 
